INTRODUCTION {#sec1-1}
============

Colorectal cancer (CRC) is a serious public health problem because of its high morbidity and mortality.\[[@ref1]\] Recently, the incidence of CRC has increased rapidly in China, and CRC is now the third leading cause of cancer-related death.\[[@ref2]\] Early detection and removal of adenomatous polyps can reduce the risk for development of CRC. Colonoscopy is widely considered the gold-standard method for diagnosing adenomatous polyps and CRC due to its high rate of detection and ability to biopsy or resect some intestinal lesions.\[[@ref3]\] However, successful colonoscopy is highly dependent on satisfactory bowel cleansing. Inadequate bowel preparation may lead to a low diagnostic yield, an increased risk of complications, and the need for re-examination, thereby increasing pain and medical costs. Although several studies have been conducted to improve the quality of bowel preparation, the incidence of inadequate preparation is reportedly as high as 20--40%.\[[@ref4][@ref5]\]

As in recent years, the population has aged, and the incidence of intestinal diseases in geriatric patients has increased, the majority of patients undergoing colonoscopy are elderly.\[[@ref6]\] Previous reports indicate that several factors are associated with inadequate colonoscopy bowel preparation including advanced age, male sex, education level, constipation, history of abdominal surgery, stroke, dementia, treatment with psychotropic drugs, and non-compliance with preparation instructions.\[[@ref7][@ref8][@ref9]\] However, few studies have investigated the rate of and risk factors for inadequate bowel preparation in the elderly. Additionally, existing studies were almost exclusively conducted in Western countries, and bowel preparation has rarely been investigated in the Chinese population.

Therefore, we conducted the current study to identify the status of bowel preparation and the risk factors for an inadequate preparation in elderly Chinese patients. We aimed to identify targeted interventions for bowel preparation optimization.

PATIENTS AND METHODS {#sec1-2}
====================

Subjects {#sec2-1}
--------

We prospectively enrolled consecutive outpatients over 60 years of age (the World Health Organization\'s definition of "elderly" in developing countries) who were scheduled for colonoscopy at the First Affiliated Hospital of Soochow University in China between November 2016 and April 2017. Exclusion criteria were intestinal obstruction and stenosis, a history of colon surgery or inflammatory bowel disease, a previous incomplete colonoscopy for reasons other than inadequate preparation, hospitalization during the study period, and the refusal to participate in the study. All patients provided written informed consent. Our institution\'s ethical committee approved the study.

Bowel preparation {#sec2-2}
-----------------

We prescribed polyethylene glycol (PEG)-electrolyte solution dissolved in 3 L of water for bowel preparation, and patients were instructed to drink 300 mL of PEG solution every 10 minutes until the entire 3 L volume was consumed.\[[@ref10]\] All patients drank the PEG solution between 7 and 9 a.m. on the day of the procedure and were required to walk at least 30 minutes during this period. The colonoscopies were performed between 1 and 4 p.m. Therefore, the time interval between the last dose of PEG and the start of the colonoscopy was less than seven hours. Although some studies have suggested that a split regimen is more appropriate for patients, the timing of the examination may affect the choice of preparation. Matro and Shnitser *et al*. found that patients who received morning-only PEG-electrolyte lavage solution (PEG-ELS) have a lower incidence of abdominal pain, superior sleep quality than split-dose PEG-ELS for afternoon colonoscopy.\[[@ref11]\] It is worth noting that two groups of patients are clinically equivalent with respect to cleansing efficacy and polyp detection. Therefore, we believe that a single dose is the best choice for patients undergoing an afternoon colonoscopy. Patients were instructed to eat a low-fiber diet beginning two days before the colonoscopy, and only clear liquids were permitted up to two hours before the procedure on the day of the colonoscopy.

Data collection {#sec2-3}
---------------

Based on a literature review and qualitative interviews, we designed a questionnaire to identify risk factors related to inadequate bowel preparation in elderly patients. The questionnaire included three parts and was administered before the procedure. The first part contained questions about demographic and clinical data, including the patient\'s age, sex, body mass index (BMI), history of abdominal surgery or colonoscopy, and comorbidities and the indication for colonoscopy.

The second part contained questions about the bowel preparation, including compliance with the instructions (dietary, PEG ingestion times, PEG dosages), the time spent walking during the preparation period, and side effects after taking PEG. Failing to follow the dietary restrictions or the walking instruction and consumption of less than 75% of the assigned preparation volume were considered non-compliance.\[[@ref12]\]

The third part of the questionnaire contained questions about predictors of bowel preparation adequacy determined immediately before colonoscopy, including bowel movement frequency after PEG consumption, the interval between starting PEG and the onset of bowel activity, and the characteristics of the last stool before the colonoscopy.

Assessment of bowel preparation quality {#sec2-4}
---------------------------------------

The quality of bowel preparation was evaluated per the Ottawa Bowel Preparation Scale (Ottawa Scale).\[[@ref13]\] The scale categorizes the sufficiency of preparation in the right (cecum, ascending), mid (transverse, descending), and rectosigmoid colon segments. The score for each colon section ranges from 0--4 (0 = no fluid, 1 = minimal fluid and no suction required, 2 = suction required to expose the mucosa, 3 = washing and aspiration of solid stool, 4 = not washable). Additionally, the scale adds points for overall colonic fluid: a small amount (0 points), a medium amount (1 point), and a large amount (2 points). The scores of the three colon segments and the fluid quantity score are then summed, resulting in an overall score ranging from 0--14, where 14 indicates the worst quality of bowel preparation. An Ottawa Scale score (OBPS) \<6 was considered adequate bowel preparation, and inadequate bowel preparation was defined as an OBPS ≥6. All procedures were performed by three highly experienced colonoscopists (Wei Xia, Ling Li, Xiao Xu), each having performed more than 1,000 colonoscopies. Before beginning the study, all participating endoscopists were trained to master the Ottawa Scale scoring method.

Statistical analysis {#sec2-5}
--------------------

All statistical analyses were performed using PASW Statistics for Windows, Version 18 (SPSS, Inc., Chicago, IL, US). Continuous data are expressed as means ± standard deviation (SD) and categorical data are presented as frequencies or percentages (%). Categorical variables were compared using the χ^2^ or Fishers exact probability test. Students *t*-test was used to compare continuous variables with normal distribution and the non-parametric Mann--Whitney *U* test for variables with a non-normal distribution, as appropriate. Both univariate and multivariate logistic regression analyses were performed to identify independent predictors for inadequate bowel preparation. Only variables that were statistically significant in the univariate analysis were assessed in the multivariate logistic regression modeling. All analyses were two-sided and *P* values \<0.05 were considered statistically significant. The results are expressed as odds ratios (OR) with 95% confidence intervals (CI).

RESULTS {#sec1-3}
=======

Baseline characteristics {#sec2-6}
------------------------

During the study period, 1025 subjects underwent colonoscopy. We excluded 785 for the following reasons: age \<60 years (*n* = 550), hospitalized status (*n* = 205), incomplete colonoscopy for reasons other than inadequate preparation (*n* = 15), prior colon resection (*n* = 10), and inflammatory bowel disease (*n* = 5). The remaining 240 subjects were analyzed \[[Figure 1](#F1){ref-type="fig"}\]. The mean patient age was 67.21 ± 5.24 years and 116 (48.3%) were male. The average BMI was 22.94 ± 3.09 kg/m^2^, and 79 (32.9%) had a secondary education or above. Ninety-three patients (38.8%) had a history of abdominal surgery, 15 (6.3%) had a family history of CRC in a first-degree relative and 95 (39.6%) had undergone colonoscopy before. Comorbid diseases included hypertension (*n* = 88, 36.7%), diabetes mellitus (*n* = 41, 17.1%), constipation (*n* = 60, 25.0%), previous stroke (*n* = 15, 6.3%), and liver cirrhosis (*n* = 16, 6.7%). The most common indication for colonoscopy was abdominal pain (*n* = 85, 35.4%) followed by constipation (*n* = 60, 25.0%), diarrhea (*n* = 50, 20.8%), hematochezia (*n* = 31, 12.9%), follow-up examination after polypectomy (*n* = 26, 10.8%), and routine health checkup (*n* = 13, 5.4%). Other indications comprised 4.2%. The average waiting period for a colonoscopy appointment was 9.26 ± 6.39 days \[[Table 1](#T1){ref-type="table"}\].

![Study flow diagram](SJG-24-87-g001){#F1}
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Baseline characteristics of the study patients
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Univariate analysis: Risk factors for inadequate bowel preparation {#sec2-7}
------------------------------------------------------------------

Adequate and inadequate bowel preparation occurred in 157 (65.4%) and 83 (34.6%) patients, respectively. Eleven categorical and six continuous variables were included in the univariate analysis. Differences between patients with adequate and inadequate bowel preparations are presented in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}. Patient\'s BMI; sex; education level; family history of colon cancer; history of colonoscopy; comorbid hypertension, diabetes mellitus, stroke, or liver cirrhosis; waiting period for a colonoscopy appointment; side effects after taking PEG; and the number of previous colonoscopies were not associated with inadequate bowel preparation (*P* \> 0.05). Age (*P* = 0.032), a history of abdominal surgery (*P* = 0.000), comorbid chronic constipation (*P* = 0.000), non-compliance with dietary instructions (*P* = 0.000), non-compliance with PEG dosage (*P* = 0.000), walking \<30 minutes during the preparation process (*P* = 0.000), bowel movement frequency after PEG ingestion (*P* = 0.042), the interval between starting PEG and the onset of bowel activity (*P* = 0.000), and the characteristics of the last stool (*P* = 0.000) were significantly associated with inadequate bowel preparation.

###### 

Univariate analysis of the factors (categorical variables) affecting bowel preparation in elderly patients
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###### 

Univariate analysis of the factors (continuous variables) affecting bowel preparation in elderly patients
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Multivariate analysis: Risk factors for inadequate bowel preparation {#sec2-8}
--------------------------------------------------------------------

Based on the results of our univariate analysis, we conducted multivariate logistic regression analyses \[[Table 4](#T4){ref-type="table"}\]. A history of abdominal surgery (OR, 2.617; CI, 1.324--5.174; *P* = 0.006), chronic constipation (OR, 3.307; CI, 1.551--7.054; *P* = 0.002), non-compliance with dietary instructions (OR, 2.239; CI, 1.122--4.471; *P* = 0.022), non-compliance with PEG dosage (OR, 4.576; CI, 1.855--11.287; *P* = 0.001), walking \<30 minutes during preparation (OR, 2.474; CI, 1.261--4.855; *P* = 0.008), interval between PEG ingestion and the onset of bowel activity (OR, 1.025; CI, 1.010--1.040; *P* = 0.001), and a last stool that was not clear and watery (OR, 4.191; CI, 1.529--11.485; *P* = 0.005) were independent risk factors for an inadequate bowel preparation.

###### 

Binary logistic regression analysis of independent risk factors for inadequate bowel preparation in elderly patients
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DISCUSSION {#sec1-4}
==========

We performed a prospective observational study to evaluate the incidence of and risk factors for poor pre-colonoscopy bowel preparation in Chinese outpatients over 60 years of age. The rate of inadequate bowel preparation was 34.6%, which is higher than the previously reported rate of approximately 30% in patients taking PEG-ELS for bowel preparation.\[[@ref14]\] This discrepancy in results may be because we enrolled only elderly patients while other studies had no patient age requirement. Many studies have confirmed that age ≥60 years is an important predictor of inadequate bowel preparation.\[[@ref14][@ref15]\] This may be due to the weaker colonic motility in elderly patients. Further, patients in this population are likely to have chronic comorbid diseases and take multiple medications, which may increase the risk of inadequate bowel preparation. Additionally, most hospitals in China use 2--3 L PEG-ELS for bowel preparation,\[[@ref10]\] while western countries routinely recommend 4 L PEG-ELS or 2 L PEG-ELS + bisacodyl/vitamin C orally for bowel cleansing before colonoscopy.\[[@ref16][@ref17]\] This difference in preparation regimen may also explain the greater incidence of inadequate bowel preparation in our study compared to others.

Adequate bowel preparation is a necessary condition for a successful colonoscopy. The ability to visualize the entire mucosal surface not only improves the rates of cecal intubation and polyp detection but also shortens the procedure time, thus optimizing procedural efficiency.\[[@ref18]\] Therefore, it is important to identify the risk factors for inadequate bowel preparation. Although there have been some related studies, few have focused on the status of colonic cleansing in elderly patients or the factors that influence preparation outcome in this population. Bowel preparation in elderly patients requires further investigation.

We analyzed the risk factors for inadequate bowel preparation according to the Ottawa Scale and found that previous abdominal surgery was significantly associated with a poor preparation. Chung and Han *et al*. demonstrated that a history of abdominal surgery was an independent predictor for inadequate bowel preparation,\[[@ref14]\] which is consistent with our findings. This association may be because patients with a history of abdominal surgery are prone to intestinal adhesions that adversely affect intestinal emptying and, thereby, reduce the efficacy of bowel preparation. On the other hand, Cheng and Chiu *et al*. found that a history of abdominal surgery is not a risk factor for inadequate bowel preparation.\[[@ref19]\] However, the proportion of patients with a history of abdominal surgery in their study was small, which may have caused this difference in results. We also found that elderly patients with chronic constipation had a higher risk of inadequate bowel preparation than those with no history of constipation, which was similarly reported by Fang *et al*.\[[@ref20]\] This may be attributed to the diminished intestinal motility in elderly patients that, in combination with chronic constipation, could lead to an intestinal emptying disorder and a large amount of residual stool in the bowel after the preparation.

The results of our study suggest that the volume of PEG ingested, compliance with dietary instructions, and the amount of time spent walking during the preparation process were three behavioral factors significantly associated with colonic cleanliness. Many studies have confirmed that adherence to a low residue diet is closely related to a good bowel preparation,\[[@ref21]\] and the recent guidelines from the European Society of Gastrointestinal Endoscopy \[[@ref16]\] also recommend a low-fiber diet on the day preceding colonoscopy. Seo *et al*. conducted a multivariate analysis showing that patients who do not take the entire preparation dose are more likely to have inadequate bowel preparation (OR, 4.34; CI, 1.08--16.66).\[[@ref22]\] Recently, several studies have confirmed that complete preparation is an important factor for a satisfactory bowel preparation,\[[@ref9][@ref20]\] and a similar conclusion may be drawn from our study. Therefore, future studies to determine methods for ensuring that patients complete the preparation medication are worthwhile. Additionally, we found a correlation between the amount of time spent walking during the process of preparation and colonic cleanliness. To our knowledge, this is the first report demonstrating that a walking time during the PEG ingestion period \<30 minutes may be a surrogate for bowel preparation failure. A possible mechanism to explain this finding is that prolonged walking promotes digestive gland secretion and gastrointestinal motility, thereby increasing the rate of gastrointestinal tract emptying and improving colonic cleanliness.\[[@ref23]\]

Kim *et al*. found that patients who report that their last stool is semisolid are likely to have a poor bowel preparation, consistent with our findings.\[[@ref24]\] We also found that the time interval between beginning PEG ingestion and the onset of bowel activity can predict the quality of bowel preparation, and this result confirms that of Papastergiou *et al*.\[[@ref25]\] In other words, the longer the interval, the slower the movement through the patient\'s gastrointestinal tract, suggesting that the patient may present with inadequate bowel preparation.

Some limitations of our study need to be considered when interpreting the results. First, this was a single-center study at an academic medical center, and our results may not be generalizable, although our findings are consistent with those of previous reports. Second, we did not analyze the relationship between living conditions and colonic cleanliness in elderly patients, and family involvement in bowel preparation may promote compliance with the relevant requirements in elderly patients preparing for a colonoscopy. Last, some information about bowel preparation (e.g. bowel movement frequency after PEG) was self-reported, so recall error is unavoidable.

CONCLUSION {#sec1-5}
==========

To the best of our knowledge, we are the first to investigate the status of bowel preparation in elderly patients and analyze factors associated with an inadequate preparation. In this study, 34.6% of our elderly Chinese patients had a poor bowel preparation at the time of colonoscopy, and there were seven independent risk factors for bowel preparation failure. Therefore, elderly patients with these risk factors should be identified early and managed with targeted interventions to effectively reduce the rate of inadequate bowel preparation.
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